Introduction
============

Varicella-zoster virus (VZV) infection may cause various neurologic signs and symptoms; however, central nervous system complications are considered rare ([@B1]-[@B3]). Owing to improvements in the diagnostic techniques through the introduction of polymerase chain reaction (PCR), the ability to identify the virus in VZV encephalitis has increased.

VZV encephalitis is caused by the reactivation of latent VZV infecting the ganglia. Background factors include immune abnormalities, herpes zoster in the head and neck area, and disseminated herpes zoster. If reactivation occurs more than once, encephalitis is considered to be a common diagnosis ([@B4]). The mortality rate is approximately 10%, and patients with VZV encephalitis who are immunodeficient often have particularly severe sequelae ([@B5]).

We herein report the clinical course of a woman who developed VZV encephalitis following herpes zoster reactivation during chemotherapy for lymphoma. She died in a short time despite treatment with acyclovir.

Case Report
===========

A 67-year-old woman with non-Hodgkin\'s lymphoma was treated with 6 cycles of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP). While approaching her last cycle of chemotherapy, she noticed a cutaneous rash accompanied by blisters in her right occipital region seven days before admission. From five days before admission, she complained of nausea and vomiting. She was admitted to our hospital because her complaints worsened, and she was unable to eat anything.

On admission, her temperature was 36.9℃, heart rate 70 beats/min, SaO~2~ 99%, and blood pressure 120/84 mmHg. A neurologic examination revealed the following: a mildly decreased level of consciousness (Glasgow coma scale score of 12, E3V4M5), able to answer simple questions but unable to follow detailed instructions; and restless behavior and unable to sustain attention. Her tendon reflexes were slightly enhanced in the right upper and lower limbs, and Babinski's sign was positive on the right. There was no muscle atrophy, and the muscle tone was normal. There was no neck stiffness.

Magnetic resonance imaging (MRI) of the brain on a fluid-attenuated inversion recovery sequence revealed multiple nonspecific hyperintense lesions with mild edema in the cortex and subcortex of the cerebrum and cerebellum ([Fig. 1](#g001){ref-type="fig"}). These abnormal findings were not seen on diffusion- or T1-weighted images, nor did they show enhancement on gadolinium-enhanced T1-weighted images. Magnetic resonance angiography did not reveal vascular abnormalities. Lumbar puncture was performed, and the opening pressure was 19.5 cmH~2~O. A cerebrospinal fluid (CSF) analysis showed leukocytic pleocytosis (984 cells/mm^3^, 92% leukocytes) with elevated protein (1,237 mg/dL) and normal glucose levels (89 mg/dL, blood glucose ratio 61.8%). The initial CSF Gram stain was negative, and microbial culture showed no growth.

![Magnetic resonance imaging (MRI) of the brain on fluid-attenuated inversion recovery sequence. MRI revealed multiple and nonspecific lesions of hyperintensity with mild edema in the cortex and subcortex of the cerebrum and cerebellum.](1349-7235-59-1643-g001){#g001}

Because we suspected a viral cause for the patient's encephalitis, intravenous acyclovir (10 mg/kg, every 8 h) was initiated as empirical treatment while we awaited the results of further diagnostic tests. One day later, the patient developed delirium. Her mental status worsened, and she eventually fell into a coma. Two days after admission, Cheyne-Stokes respiration appeared from around 5 am. A dilated right pupil with absent reaction to light was noted. Spontaneous breathing stopped around 8 am, and she died.

Viral studies by polymerase chain reaction (PCR) revealed the presence of VZV DNA in both the CSF and serum but no evidence of herpes simplex virus. In addition, no malignant cells were detected in the CSF. The concomitant presence of encephalitis and non-Hodgkin's lymphoma in the presence of VZV DNA in the CSF led to the diagnosis of VZV encephalitis. An autopsy was performed with the consent of the family 48 h after death.

Autopsy Findings
----------------

Upon a gross autopsy examination, the fresh brain weighed 1,368 g. There was evidence of brain edema and herniation ([Fig. 2](#g002){ref-type="fig"}). Varicella-zoster infection can be identified microscopically by the presence of multinucleated cells with ground-glass, slate to steel-gray nuclear inclusions with irregular chromatin margination. Viral inclusions such as those were identified in specimens from the temporal skin rash ([Fig. 3](#g003){ref-type="fig"}). A neuropathology examination of hematoxylin and eosin-stained histologic sections of the cerebral cortex demonstrated multiple inflammatory foci in the Virchow-Robin space, primarily infiltrates of neutrophils and histiocytes ([Fig. 4](#g004){ref-type="fig"}). There was no evidence of viral inclusions in tissue from the brain itself or the spinal cord. A collection of leukocytes, mainly neutrophils, was observed in the blood vessels of the cerebral cortex, but only edema was seen in the cerebral white matter where high-intensity MRI signals had been seen, suggesting inflammation. No leukocytic infiltrate of blood vessels was seen. In addition, the histopathology findings did not reveal multifocal vasculopathy.

![Macroscopic findings of brain. Flattening of the gyrus and indentation around the foramen magnum were recognized, which indicated brain edema and herniation.](1349-7235-59-1643-g002){#g002}

![Pathological findings of the skin. Histologically, a higher magnification of the Varicella-Zoster inclusions showed multinucleation with back-to-back ground-glass, slate to steel-gray, nuclear inclusions with chromatin margination (A and D ×100, B and E ×1000, C and F ×400).](1349-7235-59-1643-g003){#g003}

![Neuropathological findings of the brain. There were multiple foci of inflammatory cells in the Virchow-Robin space, and the inflammatory cells mainly comprised neutrophils and histiocytes in the cerebral cortex (A ×40, B and C ×200, D ×1000).](1349-7235-59-1643-g004){#g004}

Discussion
==========

We encountered an immunocompromised adult who presented with acute alteration in the level of consciousness, a cutaneous rash, and virologic evidence of VZV in the serum and CSF. Although VZV encephalitis is rare in immunocompromised patients, it is mainly described in those with severe immunocompromise, such as patients undergoing treatment for nonsolid malignancies, as in the present case ([@B6]). In 2 large retrospective cohort studies, the incidence of herpes zoster varied by type of cancer, with 31 cases per 1,000-person years in patients with hematologic malignancies ([@B7]). The risk of herpes zoster in patients with malignant lymphoma was 8.23 times higher than that in control patients ([@B8]). The incidence of and hazard ratios for herpes zoster in patients with hematologic malignancies, such as malignant lymphoma, are high compared with those in patients with solid cancers ([@B7],[@B8]). The overall incidence of herpes zoster has been reported to be 12.21% in patients with non-Hodgkin\'s lymphoma, 11.79% in those receiving conventional chemotherapy, and 12.76% in those receiving rituximab-containing chemotherapy ([@B9]). Most herpes zoster episodes occurred within the first two years after the diagnosis of non-Hodgkin's lymphoma. In addition, the incorporation of rituximab in conventional chemotherapy regimens was associated with an increased short-term risk of herpes zoster ([@B9]). Based on these facts, it is highly likely that the patient in this case suffered from herpes zoster that progressed to VZV encephalitis.

VZV encephalitis is characterized by delirium presenting within a variable period preceding or following eruption of a cutaneous zoster rash. The proportion of VZV encephalitis cases in which a rash was found is reported to be 55% to 62% ([@B10],[@B11]). In the present case, the rash was noted first, and progressive neurologic signs appeared thereafter. The diagnosis of VZV encephalitis is important because the prognosis of encephalitis is poorer than that of VZV meningitis ([@B11]). To our knowledge, compared with more common lesions, such as gray-white matter junction lesions that indicate small vessel arteriopathy ([@B11]), multiple, nonspecific lesions in both the cortex and subcortex of the cerebrum and cerebellum are extremely rare. Three mechanisms have been proposed for the pathophysiology of VZV encephalitis: demyelinating disease, vasculopathy, and acute infectious encephalitis of unconfirmed pathophysiology ([@B6]). However, there have so far been few reports on the viral and pathological findings of VZV encephalitis ([@B1],[@B2]). The most likely pathophysiology in this case was direct infection of glial cells as an acute infectious encephalitis ([@B12]), as MRI revealed multiple, nonspecific lesions in both the cortex and subcortex of the cerebrum and cerebellum. Although some cases of VZV encephalitis may actually be a vasculopathy ([@B13]), encephalitis in the absence of vasculopathy may rarely occur in association with herpes zoster ([@B14]). Multiple lesions mimicking metastatic cancer in the brain may be a rare manifestation of viral encephalitis. Thus far, reports have shown herpes simplex virus ([@B15],[@B16]), Epstein-Barr virus ([@B17],[@B18]), and VZV ([@B19]) encephalitis presenting as a brain tumor or brain tumor progression ([@B20],[@B21]).

The diagnosis of VZV encephalitis may be established using PCR to detect VZV DNA in the CSF. However, the isolation or detection of VZV in a CSF specimen is relatively uncommon, due to the fact that the presence of the virus is closely linked to the timing of the CSF collection in the course of a CNS viral infection ([@B22]). Therefore, empirical treatment with acyclovir (10 mg/kg intravenously every 8 h) for possible HSV-1 infection should be started as soon as possible in cases of encephalitis without a clear etiology ([@B23]). Early treatment is important because it is associated with a significant reduction in mortality and morbidity. In the case presented here, the administration of acyclovir was initiated as soon as possible when encephalitis was suspected, but the patient unfortunately could not be saved.

The present case highlights the risk of VZV reactivation with severe neurologic complications in patients undergoing immunosuppressive therapy. In our case, a pathological examination of the multifocal lesions seen on MRI showed only edema without inflammation. We considered the possibility of immunosuppression causing a poor inflammatory response, but the cerebral cortex had a collection of leukocytes, primarily neutrophils, as seen in meningitis, suggesting that possibility to be unlikely. The pathological findings of VZV encephalitis are poorly reported, and the accumulation of more cases is necessary.
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